The objective of this study is to assess the impact of APV (active pharmacovigilance) and PPV (passive pharmacovigilance) by detection of ADEs (adverse drug events), through PIs (pharmaceutical interventions). Authors have used observational pre-post intervention study. Dader methodology was used in 123 patients with data obtained from medical records and pharmaceutical interview. Detection of ADE was made by direct observation and laboratory tests, with statistical significance 0.05. In PPV, 47 ADEs were detected: nausea, vomiting, skin rash and skin redness. In APV, 100 ADEs are presented, similar to those described in the PPV, in which Dipyrone produced 26.2%. The causes of DRPs (drug related problems) were: probability of adverse events 36%, personal characteristics 30%, and dose regimen and/or inadequate duration 22%. Out of 127 PIs performed, 91.34% were accepted and resolved. The patient satisfaction rate was 82.7% for APV and doctor satisfaction 90.4% with high impact, surpassing the 80%. The impact of APV was 93.6% and 53% in PPV for PIs and ADEs. PIs were performed to the ADEs with a high percentage of accepted and solved ones. Evaluation of satisfaction of patients and doctors in APV had a high impact. The assessment of APV generated a high impact on compliance and PPV a low one.
Introduction


Pharmacotherapy is a pivotal tool for the management and stabilization of a great variety of pathologies. In order to be approved, medicaments require several studies, not only to show efficacy, but also to determine its safety and to guarantee, that way, its use previous to commercialize it [1] . However, medicaments are not free of harmful and not on purpose results, called ADR (adverse drug reaction).
In 2,000, a report estimated that the total cost of preventable ADRs in the US, including the loss of family wages and production, handicap and health expenses, was within 17~29 thousand million dollars [2] . That is the cause why, presently, the importance of detecting, assessing, understanding and preventing adverse event of medicaments and any other problem related to them, defined as pharmacovigilance, has become one of the main tools for quality in health centers.
The WHO (World Health Organization) has proposed a constant follow-up to all medicaments in the market. Nevertheless, a non-minor percentage of ADRs might not be reported or informed. In fact, several studies showed that only 6~10% of all ADRs at the country level are reported [3] .
The prevalence of ADR in ambulatory population in Colombia is not accurately known, however, a national study showed that it might be in 6.4% [4] . This is why a pharmacovigilance program is a pivotal strategy to detect and prevent ADRs effectively and to influence positively on the quality of the patient's assistance [5] . The contribution of pharmaceutical professionals to volunteer notification of ADRs promote a higher number of reported ADRs, reaching in some cases, responsibility for 40% of the yearly reports [6] . However, there are not published studies in Colombia that show the importance of the role of the pharmaceutical professional in an active pharmacovigilance system.
Drugs are causing ADEs (adverse drug events), therefore, they have been studied in several countries. Due to their frequency and for increasing morbidity and mortality, they are a public health problem [7] . WHO, in 2002, established the guidelines and criteria for building policies to prevent, identify and minimize ADEs [8] . Consistent with this global trend, the IBEAS study (Ibero American Study of Adverse Events) in which Colombia, Costa Rica, Peru and Argentina unite to identify the ADEs, to establish their prevalence and characteristics, and to develop their own methodologies, internationally comparable [9] .
Salas et al. [10] reported several ADEs producing hospital admissions, ranging from 2.4% to 12%, are related to ADR. Additionally, 5~8 % of the hospitalized patients presented with serious ADR and 0.05~0.44, were fatal. ADR can be serious. Approximately 1% of patients die as a result thereof. While some ADR can be unpredictable, there is evidence that 62.3% of these are potentially preventable [11] .
Some studies show a frequency of ADE in hospitalized Colombian patients ranging between 1.2% and 45% [12, 13] . The variability of the figures depends on several factors, such as detection method used, APV (active pharmacovigilance) or PPV (passive pharmacovigilance).
The essence of PV (pharmacovigilance) is to identify ADE, analyze them and generate prevention strategies. Currently, they are a public health problem with an emerging focus on our society. Pharmacists provide pharmaceutical care, detecting potential ADE, for safe patient care, compliance with hospital policies and as a source of drug information to nurses, doctors and other health professionals [14] .
According to the National Pharmacovigilance Program in Colombia, out of the 403 ADR reports in February 2015, a total of 566 ADRs were registered (1.4 ADEs for each report), of which 345 (61%) were classified as serious and 221 (39%) as not serious. The system with more ADEs was skin alterations and annexes with 123 ADRs, followed by general alterations with 61 ADRs, unlike January reporting respiratory system disorders. It is evident that the ADEs classified as possible have a higher proportion [15] . This study is a pioneer in the city of Barranquilla and allows us to approach an objective reality in the context of patient safety. The specific objectives of the study were to characterize the development of the PPV implemented, to design and to implement the APV program, and to assess the impact of APV and the pharmaceutical interventions in a third-level clinic in Barranquilla, Colombia.
Method
The design of this study was observational, pre-post intervention, taking 12 months (June 2013 to June 2014). There was a first retrospective phase to analyze the ADE in the PPV and then a prospectively one, after implantation of the APV. Dader methodology [16] was used to evaluate the impact of PI (pharmaceutical intervention) made in a clinic of 194 beds. 123 patients, who met the inclusion criteria: age over 18, polymedicated, with ADE risk, and who signed informed consent, were included. A simple randomized sampling was performed to patients who met criteria for inclusion/exclusion to establish the number of patients.
In the PPV, the study variables were: gender (male, female), average age (years), average number of prescribed medications, hospital stay, percentage of ADE (%), ADE diagnosis according to physiological system and drugs involved as ATC (anatomical, therapeutic, chemical) classification, causality (proved, probable, possible and doubtful), gravity (mild, moderate, severe and lethal), preventability (avoidable, not avoidable), ADE associated with medicines, and drugs used in treatment. In the APV program, the following variables were also included: degree of acceptance (accepted, not accepted) meeting the PI (high, moderate and low), impact of programs PPV and APV (met, not met), negative results related to drug of intervention or DRP (drug related problems) (need, effectiveness, safety). The degree of acceptance of the PIs was obtained by the equation:
Degree of acceptance = (Total accepted and resolved PI)/(Total PI) × 100 Total satisfaction of patients and relatives was measured by a questionnaire validated by Lores et al. [17] , consisting of 11 open and closed questions. The impact of satisfaction of the intervention was determined by the following formula:
Impact of satisfaction = (Total patients, relatives, physicians satisfied)/(Total patients, relatives, physicians surveyed) × 100 PI and satisfaction of patients and physicians were classified in high impact (> 80%), average (60~80%) and low (< 60%). The impacts of APV and PPV programs were evaluated through a questionnaire consisting of 47 questions that measured eight items, the possible answers for each question were: "meets" and "not met".
To detect DRP general patient data, drugs given, adherence to prescribed treatments, altered results of laboratory, habits, allergies to certain drugs and/or food, physical activity, diseases, such as kidney failure, liver failure, altered potassium values and other factors that modify the patient/drug relationship were assessed. Choice and justification of the use of drugs were also assessed, so necessary DRPs were determined. Effectiveness DRPs were reviewed from the doses used and the evolution of patients, and safety DRPs were detected through the extensive search in the clinical history of the occurrence of some ADE thoroughly analyzing the different treatments, identifying potential drug interactions, pharmaceutical interview and assessment of the status.
Detection of diagnostic of ADE was conducted prior to training of health personnel in the FOREAM (form of adverse drug events) by the INVIMA (National Institute of Food and Drug Monitoring) [18] . The cause-effect (causality) in the individualization of drug associated with an ADE was defined according to conventional classification proposed by Seidl et al. [19] , which takes four discrete categories: proved, probable, possible and doubtful. The standardized Naranjo et al. [20] algorithm was used to establish causality. Gravity was established according to WHO classification: mild, moderate, severe and lethal. To evaluate the preventability, the questionnaire validated by Baena et al. [21] , which determines the degree of preventability of NOM (negative outcome associated with medication), which consists of 13 questions applied to each NOM was used. The affirmative answer to one or more of these questions implies that the NOM is avoidable. More than an affirmative answer will not be a greater preventability.
The study used Dader methodology and focused on the detection and analysis of ADEs in hospitalized patients. We used an Excel database retrospectively with variables in the PPV characterization. The APV implementation was performed by the pharmaceutical researcher in hospitalization in order to obtain information about patients and health professionals, on the possible presence of ADE. When suspecting an ADE, medical history was reviewed and it was assessed by a doctor.
Results
The study results were statistically analyzed using SPSS Version 20. A descriptive analysis with central tendency measures and dispersion for quantitative variables and relative frequencies for qualitative variables was conducted. Student's t-test was applied to compare average ages, while the test W by Mann Whitney was used to compare the median of hospital stays. Statistical significance 0.05 was established.
The study was approved by the ERC (Ethics Committee) of the third-level clinic, assessing compliance with GCP (good clinical practice), established in the Declaration of Helsinki and the guidelines of the ICH (International Conference on Harmonisation) for GCPs [22] . The law of personal data protection was applied.
As shown in Table 1 , the average age of the population, in PPV and APV, was 49.89 ± 18.01 and 53.17 ± 18.19 years, respectively. In the PPV, mixed race ethnic group represented 100%. In APV, mixed race ethnic group represented 93.7%, and Afro-Colombian group 5.3%. In PPV, 53.2% were men and 46.8% women. In APV, 61.79% were women and 38.21% were men. Table 2 shows that, in APV, the major systems affected by ADE are dermatologic 31% and digestive and metabolism 30%. In PPV, we find the anti-infective in general for systemic use (42.5%). The main suspected of causing ADE drugs were dipyrone 26.2% and vancomycin 16.7%. In the PPV, the drugs used in the treatment of ADE were hydrocortisone 61.1% and 47.1% in the APV. Table 3 shows the causality in the PPV: probable 61.7% and possible 38.3%. In APV: probable 52% defined 28%, possible 15% and doubtful 5%. According to seriousness, in APV, the figures are: moderate 49%, mild 39% and serious12%. In PPV, moderate 72.3% and mild 27.7%. In APV, ADEs were preventable 42% and non-preventable 58%. In PPV: preventable 76.6% and non-preventable 23.4%. The ADEs in the APV were diarrhea 31.9%, nausea and vomiting 12%, and skin rash 11.1%. In PPV: nausea and vomiting 17%, rash 12.8%, and itching 12.8%. Table 4 shows APV with the most common causes of DRP: probability of adverse effect 36%; personal characteristics 30%; dose, regimen and/or inadequate duration 22%. According DRPs, they generated an impact on the need of 7.9%, efficiency 13.5%, and safety 78.1% of drug treatments. Out of the 127 PI made, 116 (91.3%) were accepted and resolved, 3.94% were not accepted but resolved, and 4.72% were neither accepted nor resolved. Table 5 shows the altered results of laboratory: creatinine, PT (prothrombin time) and alkaline phosphatase 50%, 15.5% and 8.6%, respectively, as an indicator of ADE.
Discussion
Differences in PV programs were found, as well as on security and detection methods due to the fact that they are two different populations. Underreporting is shown in PPV. PPV results were very similar to the referenced studies [23] . In the PPV, ADEs in men predominate, while in APV women predominate, coinciding with the reported in other studies [24, 25] . The study of Sriram et al. [26] showed that 61% of the patients were male while in the PPV they were 53.2%. These results match Tribiño et al. [27] , who conducted a study with gender differences, being male higher in PPV. This difference is probably due to bias in the study. Soldin et al. [28] disclosed that the predisposition to ADRs between men and women is due to the differences in the pharmacokinetics and pharmacodynamics of genres. PPV exceeds the APV in the mixed ethnicity. The average age of the population was higher in APV. The average drug results are close in both programs. Hospital stay is higher in the PPV. When comparing the ages of the groups with Kolmogorov-Smirnov normality test, it was observed that both populations have a normal behavior and their variations are statistically equal (p = 0.771). Due to this, their averages were compared with the Student's t-test, obtaining a p value 0.00, which indicates a statistically important difference between them, with a confidence interval of 95.0%.
Hospital stay in PPV does not come from a normal population (p = 0.0462), while in APV, it does (p = 0.0633). When comparing their variations with Fisher test, they are not the same (p = 0). With W test by Mann Whitney, a p value 0.205 is resulted. This indicates no major statistical difference between the medians, with a confidence interval of 95%.
The most affected system in APV was dermatologic (31%), similar to the study of Marques et al. [29] , in the skin (21%). In a study in Saudi Arabia, skin ADEs fluctuate between 34.1% and 68.8% [30] , a result close to that obtained in this study.
In PPV, the probable and possible causality was 61.7% and 38.3%, respectively. In APV, the probable one was lower with 52%, and the possible one 15%. Regarding seriousness, in PPV moderate were higher with 72.3%, while in the APV they were 49%. No ADE was fatal. Preventable ADEs were higher in the PPV: 76.3%, similar to those of McDonnell and Jacobs [11] with 62.3%. Non-preventable were higher in the APV with 58%. Nausea and vomiting were the higher ADE with 17% in PPV and 12% in APV.
PI performed generated an impact on the need (N) of 7.9%, effectiveness (E) 13.5% and safety (S) 78.1%, close to those reported by Danneris et al. [31] of N (17.5%), E (31.4%) and S (51.1%) [31] . Serious ADE were 12% in the APV near that reported in the meta-analysis conducted in the US by Lazarou et al. [32] and Motola et al. [33] , which was determined by 6.7% and 4.9%, respectively [32, 33] . The research does not consider determine the factors that favor the emergence of an ADE, but the number of pathologies present may be a predisposing factor [34] .
Variability is wide in different studies evaluating the percentage of preventable ADEs 18.7~73.2% [35] . Other research indicates that more than half of all ADE were preventable [36] .
91.3% of PI made were accepted and approved, as a result of the PI, pharmacovigilance bulletins were published, to socialize them with the health team, and to reduce avoidable ADE. A tendency to reduce ADE was observed. PI generated an impact, showing a positive result of the APV and the benefits to the patient in his pharmacotherapy. Many studies have reported the importance of clinical pharmacist in the reporting and prevention of problems related to drugs [37, 38] .
Assessment of APV had a high impact on compliance (93.6%) and PPV an impact of non-compliance (53%). The level of satisfaction of patients and/or relatives was 82.7% and 90.4% of physicians in the APV classified with an impact over 80%.
Differences are observed when comparing PPV and APV. In PPV, the affected system was infections with 42.5%. In APV, it was skin with 31%. Drugs to generate ADE in the PPV were vancomycin and asparaginase with 16.7% and 13.9%, respectively. In the APV, it was dypirone with 26.2%. According causality in PPV and APV, close values are observed (61.1% and 52%, respectively) as probable. Possible causality differs in both programs. PPV is classified only as probable and possible, while in APV, defined and doubtful are also included. According to seriousness, in PPV, moderate is higher (72.3%) and in APV 49%. There are more serious ADEs in the APV (12%) than in PPV. In PPV, preventability was higher with 76.6% while in APV it was 42%. In APV, a higher percentage of non-avoidable (58%) was found, while in PPV it was 23.4%. Nausea and vomiting and skin rash were the highest percentage of ADE in both programs. Hydrocortisone is indicated in the treatment of ADE in both programs being higher in the PPV. Metoclopramide is slightly increased in the APV compared with the PPV. The impact factor of the PI was 93.6%, a result which coincides with the studies of congestive heart failure reported by Lores et al. [17] with an impact factor of 98.6% and endocrinology in the city of Bayamo Granma-Cuba [31] at a rate of 80.3% impact.
Within the limitations found in this study, assessments of causality of ADE require a pre-exposure of the suspected drug and clinical reappearance event, for the maximum degree of imputability [39] .
Conclusions
The present study identified ADE in PPV and APV. Records found in PPV were incomplete, preventing the researchers from making a deep analysis of ADE. In this sense, the implementation of an APV system in a third-level clinic, performed by a pharmaceutical professional program, increases the detection of ADE, decreases the sub-notification of PPV and promotes its prevention. In APV, more preventable ADEs than non-preventable ones were detected. Regarding causality, probable and defined ones represented the higher percentage. Moderate and mild seriousness was higher, too. According to NRMs, performed and accepted interventions generated a higher percentage of security. Out of the interventions generated, a high percentage of accepted and solved were generated. The level of satisfaction on the evaluation by patients and/or relatives, and doctors resulted on a high impact, over 80%. Evaluation of the APV program had a high impact. The high percentage of ADE found might be avoided by carrying out other studies to measure the effect of PV follow-up, and by going deeper into the possible risk factors as an strategy for prevention, detection and resolution of NRMs. The actual impact of PV follow-up might be known.
